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Description

TECHNICAL FIELD

[0001] The invention relates to devices and methods

for the training and assessment of leg coordination and

strength skills critical to balance while stepping, stair

climbing, sitting and arising from a seated position.

BACKGROUND OF THE INVENTION

A. Use of Forceplates in Biofeedback Training of

Balance

[0002] The design and use of forceplates to measure

the forces exerted by the feet of a standing subject and

the relations between these forces and the subject's bal-

ance are well described in the prior art. Examples of

these prior art descriptions include: Nashner, L.M., Sen-

sory Feedback in Human Posture Control, Massachu-

setts Institute of Technology Report MVT-70-3 (1970),

and Black, F.O., et a!., "Computerized screening of the

human vestibulospinal system," Annals of Otology Rhi-

nology and Laryngology, vol. 87, pp. 783-789 (1978). U.

S. Patent 4,136,682 to Pedotti describes a forceplate

system on which a standing subject walks, and also in-

cludes methods for processing the resulting information

relative to the motions of the subject.

[0003] The balance of a standing subject is typically

characterized in terms of quantities related to the posi-

tion of the center of force exerted by the feet against the

support surface relative to the positions of the feet on

the surface. The magnitude and the position of the cent-

er of force exerted by a subject standing on a single for-

ceplate, however, is determined in the coordinates of the

forceplate support surface. To calculate quantities relat-

ed to the balance of a subject standing on a single for-

ceplate requires knowledge of the positions of the two

feet relative to the forceplate. When the subject is stand-

ing with each foot on a separate independent forceplate,

the calculation of quantities related to balance requires

additional information of the positions of the two force-

plates relative to one another.

B. Biofeedback Training of Erect Standing Balance

[0004] The earliest known application of a device and

method for biofeedback training of erect standing bal-

ance was reported in 1967 by Begbie, C.H., "Some
problems of postural sway," in: deReuck A.V.S., Knight

J., eds. CIBA Foundation Symposium on Myotatic, Ki-

nesthetic, and Vestibular Mechanisms
,

London,

Churchill Ltd., pp. 80-101 (1967).

[0005] The Begbie study used a compliant platform to

monitor postural sway during erect standing. When the

standing subject swayed forward, backward, or to one

side, the resultant reaction forces between the feet and

the platform support surface deflected the surface in the

direction of the subject's sway. Deflection was meas-

ured using a potentiometer, the output of which provided

a signal related to the direction and extent of the sub-

ject's sway. Applications for the measurement and bio-

5 feedback device described by Begbie, however, were

limited to tasks in which the subject performed standing

with the feet in fixed positions.

[0006] The Begbie report described a biofeedback

application of the platform device in which an oscillo-

10 scope displayed two quantities to the subject. The first

quantity displayed the deflection of the platform, allow-

ing the subject to see the direction and extent of his own
swaying. The second quantity was a target sway posi-

tion providing the subject with a performance goal. The
15 report described how the platform and biofeedback dis-

play helped patients with vestibular balance disorders

by allowing them to substantially reduce their otherwise

abnormal postural sway.

[0007] The description of a device and method for

training a standing subject to modify the distribution of

weight load between the two legs was described in 1 973

by Herman, R., "Augmented sensory feedback in the

control of limb movement," in: Fields, W.S., ed.. Neural

Organization and Its Relevance to Prosthetics, Miami,

Symposia Specialists, pp. 197-215 (1973).

[0008] The Herman report described several forms of

independent force measuring devices for monitoring the

vertical load on each leg. The report further described

auditory and visual methods for displaying the distribu-

tion of the load to the subject. Biofeedback load displays

included a frequency modulated tone signal and an ar-

ray of independently controlled signal lights. With the

audio biofeedback, the frequency of the tone increased

or decreased as the load on a selected leg increased or

decreased. The pattern of illuminated lights changed to

signal changes in leg loading. Like the Begbie device

and methods, biofeedback training of loads was limited

to tasks in which the subject stood with the feet main-

tained in fixed positions on the support surface.

[0009] The Herman report further described clinical

training applications of the leg load devices and meth-

ods in which patients with musculoskeletal and neuro-

logical disorders were instructed to achieve a desired

weight bearing on a selected leg by bringing the auditory

or visual feedback signal within specified target range.

[0010] U.S. patent 4,122,840 by Tsuchiya et al., enti-

tled "Apparatus for Analyzing the Balancing Function of

the Human Body," describes a device and method using

biofeedback to train the distribution of loads between the

two legs of a standing subject. The device consists of

independent vertical load detectors to measure the dis-

tribution of loads on the legs and an array of light emit-

ting diodes to visually display actual loads relative to a

specified target load signal. With the exception of minor

differences in force measuring and display technology,

the measurement and biofeedback methods were very

similar to those described earlier by Begbie and Her-

man. Like the Begbie and Herman devices and meth-
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ods, the Tsuchiya and Ohnishi patent is also limited to

standing tasks in which the feet are maintained in fixed

positions on a support surface.

[0011] US 4986534 discloses a method and appara-

tus for biomechanically analysing the physical charac-

teristics of lower body joints such as hip, knee and ankle

joints. The apparatus includes a frame, a weight-sens-

ing platform and a foot support which engages with the

sensing platform at one edge. When the user places a

foot on the foot support the pitch of the support relative

to the platform is altered and the weight applied may
thus be measured. However, this apparatus is not suit-

able for simulated walking or climbing motions because

the configuration of the apparatus does not lend itself to

accommodate the consecutive movements normally

performed when walking or climbing.

C. Other Technologies for Measuring Balance and

Movement

[0012] A number of technologies in addition to force

sensing surfaces are potentially available for calculating

and displaying quantities related to performance while

an erect standing subject performs movement tasks.

Several manufacturers market optically based motion

analysis systems which measure subject movements
without requiring that the feet be positioned on a force

sensing surface. Two examples include the ExpertVi-

sion system by MotionAnalysis Corp., Santa Rosa, Cal-

ifornia and the Vicon system by Oxford Medilog Sys-

tems Limited, Oxfordshire, England. These technolo-

gies, however, are substantially more expensive than

force sensing surfaces. These optical motion analysis

technologies are not appropriate for routine clinical

training, because they require considerable time and

technical expertise to calibrate body mounted position

targets.

[0013] A second potential technology for measuring

quantities related to the performance of a standing sub-

ject is the shoe instrumented with force sensing devices.

An example of such a system is the Computer Dyno
Graph (CDG) marketed by Infotronic Medical Engineer-

ing of Tubbergan, The Netherlands. For routine clinical

use, this type of system also has the disadvantage of

also requiring body mounted hardware and calibration.

In addition, since these devices do not include means
for determining the positions of the force sensing shoes

on a continuous basis, they cannot be used to calculate

quantities related to the subject's balance.

D. Clinical Applications of Balance Biofeedback Training

[0014] A number of published research reports have

described clinical applications for balance training de-

vices in accordance with the original concepts described

by Begbie and Herman. Balance training was used to

achieve symmetrical standing in stroke patients.

Wannstedt, G.T., et al., "Use of augmented sensory

feedback to achieve symmetrical standing," Physical

Therapy, vol. 58, pp. 553-559 (1978). Similar devices

were used to train children with cerebral palsy. Seeger,

B.R., et al., "Biofeedback therapy to achieve symmetri-

5 cal gait in children with hemiplegic cerebral palsy," Ar-

chives of Physical Medicine and Rehabilitation, vol. 64,

pp. 160-162 (1983). Two additional studies used bal-

ance biofeedback therapy to reestablish the stability of

stance and gait in hemiplegic patients. Shumway-Cook,
10 A., et al., "Postural sway biofeedback: its effect on re-

establishing stance stability in hemiplegic patients," Ar-

chives of Physical Medicine and Rehabilitation 69:

395-400 (1988); and Winstein, C.J., et al., "Standing

balance training: effect on balance and locomotion in

15 hemiplegic adults," Archives of Physical Medicine and

Rehabilitation , vol. 70, pp. 755-762 (1989). Additional

studies using biofeedback training in standing patients

include: Clarke, A.H., et al., "Posturography with senso-

ry feedback - a useful approach to vestibular training?,"

20 in: Brandt, T, et al., eds.. Disorders of Posture and Gait,

Stuttgart, George Thieme Verlag, pp. 281-284 (1990);

Jobst U., "Patterns and strategies in posturographic bi-

ofeedback training," in: Brandt, T, et al., eds., Disorders

of Posture and Gait
,
Stuttgart, George Thieme Verlag,

25 pp. 277-300; Hamann, K.F., et al., "Clinical application

of posturography: body tracking and biofeedback train-

ing," in: Brandt, T., et al., eds.. Disorders of Posture and

Gait, Stuttgart, George Thieme Verlag, pp. 295-298

(1990); and Hamman, R.G., et al., "Training effects dur-

30 ing repeated therapy sessions of balance training using

visual feedback," Archives of Physical Medicine and Re-

habilitation , vol. 73, pp. 738-744 (1992).

[0015] The most recent clinical study is Sackley, C.

M., et al., "The use of a balance performance monitor in

35 the treatment of weight-bearing and weight-transfer-

ence problems after stroke," Physiotherapy, vol. 78, pp.

907-913 (1992). This article describes clinical applica-

tions of a system comprised of two independent force-

measuring footplates. The article describes training

40 tasks in which the patient stands in-place on the foot-

plates, rises from a chair onto the footplates, and trans-

fers weight between two footplates, one at floor level

and the other on a higher step surface.

[0016] While the Sackley, et al., article is the first to

45 describe the measurement and biofeedback display of

leg loading information during weight transfers to differ-

ent step heights and during rises from a chair, the de-

scribed devices and methods cannot measure or dis-

play quantities related to the subject's balance during

50 performance of these tasks. This is because the device

does not include means for calculating the position of

the center of force relative to the positions of the two

feet. Specifically, the operations leading to calculation

of the display quantities do not take into account the po-

55 sitions of the feet on the footplates or the positions of

the footplates.

[0017] The Sackley, et. al., device and methods do not

permit the calculation and biofeedback display of quan-

3
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titles related to balance during the sit to stand move-

ment. Because the device does not include means for

measuring the forces exerted by the buttocks against

the seat surface, quantities related to the subject's bal-

ance cannot be calculated when a portion of the sub-

ject's weight Is supported by the chair surface. Addition-

ally, the operations leading to calculation of the display

quantities do not take into account the positions of the

footplates relative to the chair surface.

E. Equipment for Balance Biofeedback and Mobility

Training

[0018] A number of manufacturers market equipment

to train patients in standing movement tasks which re-

produce daily life functions. Clinical equipment of this

type includes adjustable height steps for the training of

stepping and stair climbing, for examples: The Step,

model number 4227E; Superstep, model number
8362E; One-Sided Stairs, model number 5638E, all

marketed by Flag House, Inc., Mt. Vernon, New York.

Currently marketed products for exercising life-like

standing tasks, however, do not incorporate the means
to measure or display quantities related to the balance

performance of subjects or to provide subjects with per-

formance goals.

[0019] Several manufactures now market devices for

the assessment and biofeedback training of weight

bearing and balance while patients stand erect with the

feet maintained in fixed positions on a support surface.

In the United States for example, the Balancemaster

system manufactured by NeuroCom International, Inc.

of Clackamas, Oregon uses signals from a forceplate to

calculate the position of the subject's body center of

gravity (COG) over the feet. The COG is displayed on

a video monitor along with one or more position targets

selected by the clinician. When operating in the training

mode, the subject is instructed to shift body position to

move the COG into one or a sequence of several tar-

gets. In the assessment mode, the speed and accuracy

with which the subject moves the COG to targets are

calculated.

[0020] The Balance System manufactured by Chat-

tecx division of Chattanooga Corporation of Chat-

tanooga, Tennessee uses four vertical force measuring

plates to determine the percentage of body weight car-

ried by the front and back portions of each foot. The
feedback display and training operations of the device

are similar to the NeuroCom system in that a single tar-

get indicating the position of the body weight relative to

the feet is displayed on a video monitor relative to addi-

tional targets.

[0021] The Balance Performance Monitor (BPM) is

manufactured by SMS Healthcare, Essex CM19 STL,

England. The system consists of two force-measuring

footplates and a visual display. Each footplate measures

total weight as well as the front-back distribution of the

weight. The footplates are movable and can be placed

at different locations or surfaces of different heights. The
computational means, however, determines only the

distribution of weight between the two footplates, inde-

pendent of the positions of the two plates. Thus, the sys-

5 tem does not include computational means to calculate

and display quantities related to the balance of the sub-

ject under a variety of task conditions.

[0022] A number of manufacturers have market de-

vices for assessing and training the strength and range

10 of motion about selected joint of both the arms and legs.

The Cybex Extremity Systems manufactured by Cybex
division of Lumex, Inc., of Ronkonkoma, New York,

measures and displays to the subject torsional forces

exerted by a number of extremity joints including the an-

15 kle, knee, and hip. Forces can be measured as the sub-

ject exerts effort against an immovable load (isometric)

and while the joint moves a constant velocity (isokinet-

ic). Similar extremity strength training systems are mar-

keted as the Kintron multijoint system by the Chat-

20 tanooga Group, Inc., of Hixon, Tennessee, the Lido Ac-

tive Multijoint by Loredan Biomedical Inc., of West Sac-

ramento, California, and the Biodex Multi-joint Strength

Training System by Biodex Medical Systems Inc., of

Shirley, New York. While all of these systems allow joint

25 Strength assessment and training during active move-

ments, none are able to assess and train performance

in standing, weight bearing tasks, and none are able to

assess and train coordination and strength skills related

to balance.

30 [0023] A number of research reports have described

chairs instrumented with force measuring devices to

quantify the forces associated with sitting and rising

from a chair. The earliest known study used forceplates

to analyze forces at the knee during the rising move-
rs ment, Ellis, M.I., et al., "Forces in the knee joint whilst

rising from normal and motorized chairs," Engineering

Medicine, vol. 8, pp. 33-40 (1979). More recent reports

have placed forceplates on both the chair and the floor

and have also used motion analysis systems to charac-

40 terlze all of the forces and motions; for example, Alex-

ander, N.B., et al., "Rising from a chair: effects of age

and functional ability on performance biomechanics,"

Journal of Gerontological Medicine , vol. 46, pp. 91-98

(1 991 ). These research devices, however, were not de-

45 signed to allow the biofeedback training of patients per-

forming sitting and rising movements from a chair.

F. Summary of Background Art

50 [0024] The use of force measuring surfaces to calcu-

late the distribution of forces exerted by the feet relative

to the base of support and the biofeedback display of

these quantities to train aspects of balance during erect

standing with the feet maintained in fixed positions is

55 well established in the prior art. The prior art includes:

(1) numerous clinical studies demonstrating applica-

tions for balance training with biofeedback and (2) sev-

eral manufacturers with devices for the biofeedback

50

55
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training of standing in-place balance.

[0025] Biofeedback training devices based on force-

plate measuring systems available in the present art,

however, are useful primarily when the patient performs

with the feet maintained in fixed positions. It is possible

to use optical motion analysis technology to calculate

quantities related to a subject's balance during standing

movement tasks such as stepping, stair climbing, and

sitting and rising from a chair without requiring the feet

to be maintained in fixed positions. These optical motion

analysis technologies, however, are expensive and re-

quire highly technical setup and calibration procedures

which are too complex for use in mainstream clinical

training applications.

[0026] Biofeedback training products are also availa-

ble in the present art for the assessment of extremity

strength during active limb movements. None of these

products, however, allows assessment and training of

coordination and strength skills when the leg is in the

standing weight bearing condition, and none permits

training of these skills in relation to balance.

[0027] According to one aspect of the present inven-

tion, there is provided an apparatus for assessing and

biofeedback training of movement coordination,

strength, and speed skills critical to balance during a

mobility task performed by a subject on a combination

of surfaces, the apparatus comprising: a forceplate;

having a top surface including a sensing area, for meas-

uring the forces exerted on the sensing area and trans-

mitting output signals representative of the measured
forces; a plurality of support surfaces mounted in spec-

ified positions relative to the sensing area and such that

substantially all forces exerted by the subject onto the

support surfaces are transmitted to the sensing area;

computational means for accepting the output signals

from the forceplate and calculating quantities related to

the positions and magnitudes of forces exerted by the

subject on the support surfaces; and display means for

displaying position and magnitude quantities calculated

by the computational means and for displaying addition-

al quantities related to performance goals; character-

ised in that the support surfaces are at different heights

and lie in parallel planes which are parallel to the top

surface.

[0028] According to another aspect of the present in-

vention, there is provided a method for assessing move-

ment coordination, strength, and speed skills critical to

balance during a movement task performed by a subject

on a plurality of support surfaces, the method compris-

ing the steps of: providing a plurality of support surfaces

on a forceplate having a top surface, such that the sup-

port surfaces are parallel to the top surface and at dif-

ferent heights, said top surface including a sensing area

which measures the forces exerted on the support sur-

faces and transmits output signals representative of the

measured forces; transmitting output signals represent-

ative of the measured forces; placing a subject in an in-

itial position with one or more portions of the subject's

body in contact with at least one of the support surfaces;

instructing the subject to perform a movement protocol

in which portions of the body in contact with the support

surfaces are lifted in accordance with the protocol and
5 then placed at other locations on one of the support sur-

faces; accepting the output signals from the forceplate

on a continuous basis during execution of the protocol;

processing the output signals on a continuous basis to

determine quantities related to the forces exerted by the

10 portions of the subject's body in contact with the support

surfaces; and displaying the quantities related to the

forces exerted by the portions of the subject's body in

contact with the support surfaces.

[0029] The invention provides apparatuses and meth-

15 ods for assessing and biofeedback training of move-

ment coordination, strength, and speed skills critical to

balance during a mobility task performed by a subject

on a combination of surfaces. The apparatus includes

a force-sensing means in the form of a force-sensing

20 plate. The force-sensing plate measures the forces ex-

erted on its sensing area, which is typically most of its

top surface, and transmits output signals representative

of the measured forces. A plurality of support surfaces

is mounted in specified positions relative to the force-

ps sensing plate's sensing area, in such a way that sub-

stantially all forces exerted by the subject onto the sup-

port surfaces is transmitted to the sensing area. A data

processor accepts the output signals from the force-

sensing plate and calculates quantities related to the po-

30 sitions and magnitudes of forces exerted by the subject

on the support surfaces. In order to permit biofeedback

training, means for displaying position and magnitude

quantities calculated by the computational means and

for displaying additional quantities related to perform-

35 ance goals is provided so that the subject can see these

quantities while performing the mobility task.

[0030] In a preferred embodiment of the invention, the

support surfaces have markings indicating preferred po-

sitions where the subject should place a part of his or

40 her body. The plurality of support surfaces, in one em-
bodiment, includes a single surface parallel to the for-

ceplate's top surface but at a different height and a por-

tion of the area of the forceplate's top surface, so as to

form a single step or a' seat. In another embodiment,
45 the plurality of surfaces includes a staircase-like series

of non-overlapping surfaces parallel to one another and

the forceplate's top surface and at progressively greater

distances above the forceplate's top surface.

[0031] A subject is placed in an initial position with one
50 or more portions of his or her body in contact with at

least one of the support surfaces, and then instructed to

perform a movement protocol in which portions of the

body in contact with support surfaces are lifted in ac-

cordance with the protocol and then placed at other lo-

55 cations on one of the support surfaces. By displaying on

a continuous basis one or more of the calculated quan-

tities related to the positions and magnitudes of forces

exerted by the subject on the support surfaces, while

5
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also displaying one or more quantities related to a per-

formance goal, the subject can train doing the mobility

task using biofeedback.

[0032] The invention is intended for routine clinical

use and therefore is designed to avoid the expense and

complex operational demands imposed by optical mo-

tion analysis or the use of more than a single forceplate.

DESCRIPTION OF THE DRAWINGS

[0033]

FIG. 1 shows the principal components of a pre-

ferred embodiment of the present invention.

FIG. 2 illustrates a preferred embodiment of the in-

vention used to assess and to train skills related to

balance while stepping up and down between sur-

faces of two heights.

FIG. 3 illustrates a frontal step-up training protocol

in accordance with the embodiment depicted in

FIG. 2.

FIG. 4 illustrates a biofeedback display used in ac-

cordance with the frontal step-up training protocol

shown in FIG. 3.

FIG. 5 illustrates a display of a performance goal in

accordance with the frontal step-up training proto-

col shown in FIG. 3.

FIG. 6 illustrates a lateral step-up training protocol

used with the embodiment shown in FIG. 2.

FIG. 7 illustrates a biofeedback display used in ac-

cordance with the lateral step-up training protocol

shown in FIG. 6.

FIG. 8 illustrates a display of a performance goal in

accordance with the lateral step-up training protocol

shown in FIG. 6.

FIG. 9 illustrates another embodiment of the inven-

tion, using a removable accessory staircase.

FIG. 10 illustrates a frontal stair-climb training pro-

tocol in accordance with the embodiment shown in

FIG. 9.

FIG. 1 1 illustrates a biofeedback display used in ac-

cordance with the frontal stair-climb training proto-

col shown in FIG. 1 0.

FIG. 12 illustrates a display of a performance goal

in accordance with the frontal stair-climb training

protocol shown in FIG. 10.

FIG. 13 illustrates a display of a performance goal

in accordance with a lateral stair-climb training pro-

tocol.

FIG. 1 4 illustrates further embodiment of the inven-

tion, using a removable accessory seat surface.

FIG. 15 illustrates training protocol for rising from a

seated position in accordance used with the em-
bodiment shown in FIG. 14.

FIG. 1 6 illustrates a biofeedback display used with

the training protocol shown in FIG. 15.

FIG. 17 illustrates a display of a performance goal

in accordance with the training protocol shown in

FIG. 15.

FIG. 18 illustrates a biofeedback display of quanti-

ties related to the strength and speed of movement
of the leading leg during the frontal step-up training

5 protocol.

FIG. 1 9 illustrates a display of a movement strength

and speed performance goal in accordance with the

frontal step-up training protocol.

FIG. 20 illustrates a biofeedback display of two con-

10 secutive force trajectories produced by the leading

leg and then by the following leg during the stair-

climb training protocol.

FIG. 21 illustrates a display of movement strength

and speed performance goals for the leading and
15 following legs in accordance with the stair-climb

training protocol.

DESCRIPTION OF SPECIFIC EMBODIMENTS

20 [0034] Embodiments of the present invention permit

the assessment and biofeedback training of a subject's

coordination, strength, and movement speed skills re-

lated to balance while performing balance and mobility

tasks, such as stepping, stair climbing, sitting and rising

25 from a chair. A structure which has a plurality of surfaces

allows the subject to perform the balance and mobility

tasks. The subject's performance is measured and dis-

played in order to provide biofeedback information to the

subject. In order to measure performance, quantities re-

30 lated to a subject's coordination, strength, and move-

ment speed may be measured in real time. These quan-

tities may be displayed relative to balance performance

goals in order to provide helpful biofeedback information

to the patient.

35 [0035] FIG. 1 shows components that are common to

all the preferred embodiments of the invention. As
shown in FIG. 1 , one or more accessory support surfac-

es 11 ,
upon which the subject may stand, step or sit, are

mounted on the top surface (the sensing area) of a force

40 plate 12. Positional restraints 13 fix the placement of the

accessory surfaces relative to the forceplate 12. Forces

exerted on the accessory surfaces 11 are transmitted

through to the force plate 12. Markings may be placed

on the accessory surfaces 11 and the force plate 12, in

45 order to indicate to the subject where to place his or her

feet, and in some embodiments where to sit. (The em-
bodiments discussed below have markings on both the

accessory surfaces 11 and the force plates 12. The top

surface of the force plate 12 is a support surface that

50 the subject may stand or step on. It will be appreciated

that accessory surfaces 11 can be made so that they

completely cover the force plate 12 or be otherwise ar-

ranged so that the subject does not need to step directly

on the force plate 12. Such an arrangement can be used
55 in the same way as the embodiments described below;

the lowest accessory surface may be considered anal-

ogous to the support surface of the force plate.)

[0036] A data processor 14 receives signals repre-

6
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senting the force information from tine force plate 1 2 and,

using computational methods described in the prior art,

calculates on a continuous basis quantities related to

the position and the magnitude of the force exerted

against the force plate 1 2 by a subject standing with both

feet supported by the force plate 12 and the accessory

surfaces 11. A display means 15 displays the calculated

quantities related to the position and magnitude of force,

as well as additional quantities related to a performance

goal.

[0037] Information regarding the positions of the ac-

cessory surfaces 11 relative to the force plate 12 and

regarding the positions of markings on the force plate

12 and the accessory surfaces 11 are input into the data

processor 14, so that the data processor 14 can calcu-

late on a continuous basis additional quantities related

to the position of the center of force relative to markings

on the forceplate and accessory surfaces and the mag-
nitude of force exerted by each leg.

[0038] A display 15 displays one or more quantities

related to the forces exerted by those portions of a sub-

ject's body in contact with the force plate 12 and acces-

sory surfaces. The display 15 may display an additional

one or more quantities related to a performance goal.

A. Step-Up and Step-Down

[0039] One preferred embodiment of the present in-

vention is intended for assessment and biofeedback

training of coordination skills related to balance while

stepping up and stepping down between surfaces of two

differing heights. As shown in FIG. 2, a removable ac-

cessory step surface 11 is mounted on force plate 12.

The positional restraints 13 mount into specified loca-

tions on the forceplate surface. Markings placed at de-

fined positions on the forceplate 24 and accessory 25

surfaces indicate preferred placement positions for the

feet.

[0040] A frontal step-up training protocol in accord-

ance with the FIG. 2 embodiment is illustrated in FIG. 3.

The subject stands in the initial first position 31 with each

of the two feet forward facing at preferred positions rel-

ative to markings on the forceplate support surface. The
subject is in the second position 32 after the leg desig-

nated as leading (left) lifts from the forceplate support

surface and is placed relative to markings on the acces-

sory step surface. The subject is in the third position 33

after the following (right) leg lifts from the forceplate sur-

face and is placed relative to markings on the accessory

step surface. In an alternative version of the frontal step-

up training protocol, the first 34 and second 35 positions

are the same as above. The subject remains standing

on the leading leg in the third position 36.

[0041] The display means illustrated in FIG. 4 dis-

plays a cursor quantity related to the position of the cent-

er of force on the forceplate surface. The positions of

the forceplate 12 and accessory surfaces 11 and the po-

sitions of markings 42 are outlined on the display. Point

43 is the position of the cursor of atypical normal subject

prior to initiation of the stepping up by the leading (left)

leg. Z-shaped trace 44 is the cursor trajectory from the

time the leading leg lifts from the forceplate surface until

5 the following (right) leg is also placed on the accessory

step surface. Point 45 is the cursor position after place-

ment of the following leg on the step surface. If the al-

ternative version of the step-up protocol shown in FIG.

3 is followed, the trajectory would end with the cursor

?o centered over the left foot mark, rather than returning to

the center position.

[0042] The display means shown in FIG. 5 displays a

balance performance goal for the frontal step-up move-

ment. A Z-shaped area 51 is based on the cursor tra-

15 jectory of a typical normally coordinated and balanced

frontal step-up movement. The dimensions of the pre-

ferred Z-shaped balance performance goal can be ad-

justed to train specific components of the subject's bal-

ance performance. For example, reducing the lateral di-

20 mension of the Z-shaped area 52 trains the subject to

maintain balance while reducing the lateral spacing be-

tween the feet during step-ups. Increasing the Z-shaped

area's longitudinal dimension 53, in contrast, trains the

subject to increase the step length. Reducing the Z-

25 shaped area's width 54 trains the subject to increase the

precision of lateral balance during step-ups. If the alter-

native step-up protocol is used, the top horizontal seg-

ment of the Z-shaped area would be removed.

[0043] An alternative lateral step-up training protocol,

30 which may be used with the FIG. 2 embodiment, is illus-

trated in FIG. 6. The subject stands in the initial first po-

sition 61 with each of the two feet laterally placed at pre-

ferred positions relative to markings on the forceplate

surface. The subject is in the second position 62 after

35 the leg designated as leading (left) lifts from the force-

plate surface and is placed relative to markings on the

accessory step surface. The subject is in the third posi-

tion 63 after the following leg (right) lifts from the force-

plate surface and is placed at a second position relative

40 to markings on the accessory step surface. By facing

the subject in the opposite lateral direction, it is possible

to designate the right leg as leading and the left as fol-

lowing.

[0044] The display means shown in FIG. 7 displays

45 the cursor trajectory produced by a typical normal sub-

ject during the lateral step-up movement. The forceplate

12 and accessory surface areas 11 and markings 72 are

outlined on the display. Point 73 is the position of the

cursor prior to initiation of the lateral step-up. Line 74 is

50 the cursor trajectory from the time the leading leg lifts

from the forceplate surface until it is placed on the ac-

cessory step surface. Point 75 is the cursor position after

the following leg steps up to the accessory step surface.

[0045] The display means shown in FIG. 8 displays a

55 performance goal for the lateral step-up movement, an

l-shaped area 81 based on the center of force trajectory

produced by a typical normally coordinated and bal-

anced lateral step-up movement. The dimensions of the

7
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preferred l-shaped area can be adjusted to train specific

components of the subject's performance. For example,

increasing tine l-shaped area's longitudinal dimension

82 trains the subject to increase the lateral step width,

while reducing the l-shaped area's width 83 trains the

subject to increase the precision of forward-backward

balance during steps.

[0046] By reversing the sequences of events followed

during the frontal and lateral step-up movements shown
in FIGS. 3 and 6, respectively, the assessment and bi-

ofeedback training can be provided for coordination and

balance skills during frontal and lateral step-down

movements in accordance with the FIG. 2 embodiment.

For step-down movements, biofeedback cursors, per-

formance goal areas, and preferred foot positions are

similar to those used with step-up movements. To train

step-down balance skills, the subject begins the proto-

col at preferred positions on the accessory surface 11

and then steps down to preferred positions on the for-

ceplate surface 12.

B. Stair-Climb and -Descent Movements

[0047] Another embodiment of the present invention,

illustrated in FIG. 9, is intended for assessment and

training of coordination skills related to balance during

the ascent and descent of stairs. A removable accesso-

ry staircase 1 1 comprised of three levels is mounted on

forceplate surface 12. Positional restraints 13 at the four

corners of the accessory staircase are mounted at spec-

ified locations on the forceplate surface and thereby fix

the location of the accessory surfaces relative to the for-

ceplate surface. Markings on the forceplate 94 and stair

levels one 95, two 96, and three 97 indicate preferred

placement positions for the feet when a subject per-

forms stair-climbing and -descending movements. Oth-

er preferred embodiments may include accessory stair-

cases with fewer or greater numbers of stair levels, the

minimum being two and the maximum restrained only

by practical limits of device size and weight.

[0048] A frontal stair-climb training protocol for use

with the FIG. 9 embodiment is illustrated in FIG. 1 0. The
subject stands in the initial first position 101 with the two

feet placed frontally at preferred positions relative to

markings on the forceplate surface. The subject is in the

second position 102 after the leg designated as leading

(left) lifts from the forceplate support surface and is

placed on the first staircase level. The subject is in the

third position 103 after the following leg (right) lifts from

the forceplate support surface and is placed on the sec-

ond staircase level. The subject is in the fourth position

104 after the leading leg lifts from the first staircase level

and is placed on the third staircase level. The subject is

in the fifth and final position 105 after the following leg

lifts from the second and is placed on the third staircase

level.

[0049] The display means illustrated in FIG. 11 dis-

plays as a moving cursor a quantity related to the con-

tinuously calculated position of the center of force on the

forceplate surface. The positions of the forceplate 12

and the accessory step surfaces 11 and the markings

112 are outlined on the display. Point 1 13 shows the po-

5 sition of the cursor of a typical normal subject in the first

position prior to stair-climb initiation. Line 114 shows the

cursor trajectory from the time the leading leg lifts from

the forceplate surface until it is placed on the surface of

the first staircase level. Line 115 shows the cursor tra-

10 jectory from the time the following leg lifts from the for-

ceplate surface until it is placed on the surface of the

second staircase level. Line 116 shows the cursor tra-

jectory from the time the leading leg lifts from the surface

of the first staircase level until it is placed on the surface

15 of the third staircase level. Point 1 17 shows the position

of the cursor following completion of the stair climb.

[0050] The display means illustrated in FIG. 12 dis-

plays a preferred performance goal for the frontal stair-

climb movement. A zigzag-shaped area 121 is based
20 on the center of force trajectory produced by a typical

normally coordinated and balanced frontal stair climb.

The dimensions of the preferred zigzag-shaped per-

formance goal can be adjusted to train specific compo-
nents of the subject's stair-climbing performance. For

25 example, reducing the zigzag-shaped area's lateral di-

mension 122 trains the subject to maintain balance

while narrowing the lateral spacing between the feet

during stair climbs. Increasing the longitudinal dimen-

sions of individual segments of the zigzag-shaped area

30 123, in contrast, trains the subject to increase the length

of steps. Finally, reducing the zigzag-shaped area width

124 trains the subject to increase the precision of lateral

balance during stair climbs.

[0051] A lateral stair-climb protocol may be performed

35 in accordance with devices and methods of the FIG. 9

embodiment. Initially, the subject stands with each of the

two feet laterally placed at preferred positions relative

to markings on the forceplate surface. During the first

phase of movement the leg designated as leading (clos-

40 est to the step) lifts from the forceplate surface and is

placed on the first stair level. During the second phase

of movement the following leg lifts from the forceplate

surface and is placed on the first stair level. The se-

quence of leading and following leg lifts and placements

45 is repeated to climb from the first to the second and then

from the second to the third stair levels. By reversing the

lateral direction of the subject's orientation, it is possible

to designate either the left or right leg as leading.

[0052] When a lateral stair-climb movement is per-

50 formed by a normal subject, the cursor follows a linear

trajectory similar to that produced by a single lateral

step-up movement. Rather than moving the entire dis-

tance in one phase, however, the trajectory is divided

into segments, each segment corresponding to one stair

55 level. A preferred performance goal for the three-level

lateral stair climb, therefore, is the three-segment I-

shaped area shown by the display means illustrated in

FIG. 13.

8
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[0053] By reversing the sequences of the stair-climb

events described above, the resulting protocol assess-

es and provides biofeedback training during frontal and

lateral staircase descents. For descent movements, bi-

ofeedback cursors, performance goal areas, and pre-

ferred foot positions are similar to those used for the

training of stair-climb movements. Now, the subject is

initially positioned on the third level in the initial phase
and steps down in sequence to the second, first, and

then the forceplate level.

C. Sitting and Rising From a Chair

[0054] The embodiment of the present invention illus-

trated in FIG. 1 4 is intended for assessment and training

of coordination skills related to balance during sitting

down and rising from a seated surface. A removable ac-

cessory seat surface 11 is mounted on forceplate sup-

port surface 12 with positional restraints 13. Markings

placed at defined positions on the forceplate 144 and

seat 145 surfaces indicate preferred placement posi-

tions for the feet and buttocks, respectively, when a sub-

ject performs a sitting or rising movement.

[0055] The training protocol for rising from a seated

surface in accordance with the FIG. 14 embodiment is

illustrated in FIG. 15. The subject in the initial first posi-

tion 151 is seated with the buttocks and feet placed at

preferred positions relative to markings on the seat and

forceplate surfaces. The subject is in the second posi-

tion 152 after performing the rising movement.

[0056] The display means illustrated in FIG. 16 dis-

plays a moving cursor quantity related to the continu-

ously calculated position of the center of force on the

forceplate surface. The positions of the forceplate 12

and accessory seat surfaces 11 and the markings 162

are outlined on the display. Point 163 is the cursor po-

sition of a typical normal subject prior to rising from the

seat surface. Trace 164 is the cursor trajectory from the

time the rising movement begins until the subject reach-

es an erect standing position. Point 165 is the cursor

position following completion of the rising movement.

[0057] The display means illustrated in FIG. 17 dis-

plays a preferred performance goal for the rising move-

ment. Area 171 is an l-shaped performance goal based

on the center of force trajectory produced by a typical

normally coordinated and balanced rising movement.

The dimensions of the preferred l-shaped area can be

adjusted to train specific components of the subject's

rising-from-a-chair performance. For example, increas-

ing the l-shaped area longitudinal dimension 172 trains

the subject to rise when the feet are placed further for-

ward relative to the buttocks, while reducing the I-

shaped area's width 173 trains the subject to increase

the precision of lateral balance during rising move-

ments.

[0058] By reversing the sequence of the rising events

illustrated in FIG. 15, the resulting protocol assesses

and provides biofeedback training of sitting movements

in accordance with the FIG. 14 embodiment. For sitting

movements, biofeedback cursors, performance goal ar-

eas, and foot and buttocks positions are similar to those

used with rising movements. For the alternative sitting

5 protocol, the subject is initially positioned in an erect

standing position on the forceplate surface and then sits

down onto the seat surface.

D. Strength and Speed
10

[0059] The specific embodiments set forth above de-

scribe devices and methods for assessment and bio-

feedback training of coordination skills related to bal-

ance. Additional display methods may be used with

15 these devices and methods may be used to assess and

train the strength and speed of the subject in performing

the various protocols set forth above. Specifically, the

additional display methods described hereinbelow are

intended for use with the step, stair-climb, and seat ac-

20 cessories (FIGS. 2, 9 and 14, respectively) and the

movement protocols associated with each of these ac-

cessories (FIGS. 3, 10 and 15 respectively).

[0060] The display means shown in FIG. 18 displays

quantities related to the strength and speed of the force

25 effort exerted by a leg of the subject as a function of

time. The vertical axis 181 displays quantities related to

the force exerted by a single leg, while the horizontal

axis 182 displays the time over which the force is exert-

ed. In a preferred embodiment of the display means, the

30 vertical axis displays force as a percentage of the sub-

ject's total body weight and the horizontal axis displays

time in seconds.

[0061] The display means shown in FIG. 18 displays

the trajectory of a quantity related to the magnitude of

35 force carried by the leading leg 183 during the step-up

training protocol illustrated in FIG. 3. At time zero, the

instant of leading leg contact with the accessory step

surface, the leading leg force begins as zero percent of

body weight. As the leading leg accelerates the body
40 upward and forward onto the accessory step surface,

and leading leg force increases to greater than 1 00 per-

cent of body weight and then decreases to 50 percent

of body weight as the following leg contacts the acces-

sory step surface and assumes one-half the body
45 weight.

[0062] If the alternative step-up protocol is used in

which the subject maintains full body weight on the lead-

ing leg and the following leg is not brought into contact

with the accessory step surface, the force exerted by

50 the leading leg will decrease to 1 00 percent rather than

50 percent of body weight.

[0063] The display means shown in FIG. 19 displays

a preferred arc-shaped strength and speed perform-

ance goal 191 based on the performance of the typical

55 normal subject. The dimensions of the preferred arc-

shaped performance goal area can be adjusted to train

specific components of the subject's step-up perform-

ance. For example, increasing the height dimension of

20

25
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the arc 192 trains the subject to increase the magnitude CI

of the leading leg upward force. Reducing the lateral di-

mension of the arc193 trains the subject to increase the 1.

speed (reduce total time) of the step-up movement,

while increasing the "roundness" of the arc area trains 5

a smoother application of leg force. Decreasing the

width 194 of the performance goal area makes the goal

more difficult to attain.

[0064] The display means shown in FIG. 20 displays

the trajectories of quantities related to the magnitudes io

of force carried by the leading 201 and following 202

legs as functions of time for alternate step-ups during

the stair-climb protocol illustrated in FIG. 10. When the

preferred embodiment with three staircase levels is

used, the leading leg 203 and the following leg 204 each 15

produce a second overlying step-up force trajectory. In

other preferred embodiments, the number of overlap-

ping force trajectories for each leg may be one or greater

than two, depending on the number of stair-climb levels.

[0065] The display means shown in FIG. 21 displays 20

preferred strength and speed performance goals for the

left and right legs during the stair-climb training protocol.

Arc-shaped areas 21 1 and 21 2 are based on the desired

alternate force trajectories produced by the leading and

following legs of the typical normal subject. By adjusting 25

the height 213, lateral dimension 214, area width 215

and roundness of the performance goal areas of FIG.

21, it is possible to train subjects to modify the level,

speed, repeatability, and smoothness of the leading and

following leg force efforts in ways similar to those de- 30

scribed for the leading leg for the step-up protocol.

[0066] Display means similar to that shown in FIG. 20

can be used to display trajectories of quantities related

to the forces exerted by each of the two legs of a typical 2.

normal subject during the sit-to-stand protocol illustrat- 35

ed in FIG. 15. Instead of alternating, the forces of the

two legs are exerted simultaneously. Furthermore, in-

stead of forces exceeding 1 00 percent of body weight

during the upward thrusting phase of movement, forces

exerted by each leg would exceed 50 percent of body 40 3.

weight during the upward thrust and then decrease to

50 percent following completion of the movement.

[0067] Performance goal display means similar to

those shown in FIG. 20 can be used to display perform-

ance goals related to the forces exerted by each of the 45

two legs during the sit-to-stand protocol. Arc-shaped 4.

performance goal areas can be based on the trajecto-

ries produced by a typical normal subject during sit-to-

stand movements. Therefore each leg would begin at

zero force, increase to a level greater than 50 percent 50

of body weight, and then decrease to 50 percent of body

weight.

[0068] In other preferred embodiments using similar

biofeedback displays of quantities related to leg force

and time, it is also possible to train strength and speed 55

skill during step-down, staircase-descent, and sitting

protocols.

An apparatus for assessing and biofeedback train-

ing of movement coordination, strength, and speed

skills critical to balance during a mobility task per-

formed by a subject on a combination of surfaces,

the apparatus comprising:

a forceplate (12,92), having a top surface in-

cluding a sensing area, for measuring the forc-

es exerted on the sensing area and transmitting

output signals representative of the measured
forces;

a plurality of support surfaces (11,12) mounted

in specified positions relative to the sensing ar-

ea and such that substantially all forces exerted

by the subject onto the support surfaces are

transmitted to the sensing area;

computational means (14) for accepting the

output signals from the forceplate (12,92) and

calculating quantities related to the positions

and magnitudes of forces exerted by the sub-

ject on the support surfaces; and

display means (15) for displaying position and

magnitude quantities calculated by the compu-
tational means (14) and for displaying addition-

al quantities related to performance goals

(51,81,121,171,191,211, 212);

characterised in that the support surfaces

are at different heights and lie in parallel planes

which are parallel to the top surface.

An apparatus according to claim 1 , wherein the sup-

port surfaces have markings (24,25,42,72,94,95,

96,97,112,144,145,162) indicating preferred posi-

tions where the subject should place a part of the

subject's body.

An apparatus according to claim 1 or 2, wherein the

support surfaces include a staircase-like series of

non-overlapping surfaces (95,96,97) at progres-

sively greater distances above the surface of the

forceplate (12,92).

A method for assessing movement coordination,

strength, and speed skills critical to balance during

a movement task performed by a subject on a plu-

rality of support surfaces, the method comprising

the steps of:

providing a plurality of support surfaces (11,12)

on a forceplate (12, 92) having a top surface,

such that the support surfaces are parallel to

the top surface and at different heights, said top

surface including a sensing area which meas-

ures the forces exerted on the support surfaces

and transmits output signals representative of

10



19 EP 0 703 752 B1 20

the measured forces;

transmitting output signals representative of

the measured forces;

placing a subject in an initial position (31,34,

61,101,151) with one or more portions of the 5

subject's body in contact with at least one of the

support surfaces;

instructing the subject to perform a movement
protocol in which portions of the body in contact

with the support surfaces are lifted in accord- io

ance with the protocol and then placed at other

locations (32,33,35,36,62,63,1 02,1 03,1 04,

1 05, 1 52) on one of the support surfaces;

accepting the output signals from the forceplate

(1 2,92) on a continuous basis during execution 15

of the protocol;

processing the output signals on a continuous

basis to determine quantities related to the forc-

es exerted by the portions of the subject's body

in contact with the support surfaces; and 20

displaying the quantities related to the forces

exerted by the portions of the subject's body in

contact with the support surfaces.

25

Patentanspruche

1. Apparat fur Auswerten und Bio-Ruckkopplungs-

Trainieren von Bewegungskoordinations-, Kraft-

und Schnelligkeitsfahigkeiten, die schwierig wah- 30

rend einer Bewegungsaufgabe, die durch eine Per-

son auf einer Kombination von Flachen ausgefuhrt

wird, miteinander abzugleichen sind, mit:

einer Kraftplatte (12,92), die eine obere Ober- 35

flache hat, die einen Erfassungsbereich zum
Messen der Krafte, die auf den Erfassungsbe-

reich ausgeubt werden, und Ubertragen von

Ausgangssignalen, die charakteristisch fur die

gemessenen Krafte sind, enthalt; 40

einer Mehrzahl von Standflachen (11,12), die

in festgelegten Positionen relativ zum Erfas-

sungsbereich und so dass im Wesentlichen alle

Krafte, die durch die Person auf die Standfla-

chen ausgeubt werden, auf den Erfassungsbe- 45

reich ubertragen werden, montiert sind;

einer Berechnungsvorrichtung (14) zum Emp-
fangen der Ausgangssignale von der Kraftplat-

te (1 2,92) und Berechnen von GroBen bezogen

auf die Positionen und Kraftbetrage, die durch 50

die Person auf die Standflachen ausgeubt wer-

den; und

einer Anzeigevorrichtung (15) zum Anzeigen

von Position und GewichtsgrofBen, die durch

die Berechnungsvorrichtung (14) berechnet 55

werden, und zum Anzeigen zusatzlicher Gro-

Ben bezogen auf Leistungsziele

(51,81,121,171,191,211,212);

dadurch charakterisiert,

dass die Standflachen auf unterschiedlichen

Hohen sind und in parallelen Ebenen liegen, die

parallel zur oberen Oberflache sind.

. Apparat nach Patentanspruch 1 , wobei die Stand-

flachen Markierungen (24,25,42,72,94,95,96,97,

112,144,145,162) haben, die bevorzugte Positio-

nen anzeigen, wohin die Person einen Korperteil

der Person platzieren soli.

. Apparat nach Patentanspruch 1 oder 2, wobei die

Standflachen eine treppenartige Reihe von nicht-

uberlappenden Flachen (95,96,97) bei stufenweise

steigenden Abstanden uber der Oberflache der

Kraftplatte (12,92) beinhalten.

. Verfahren zum Auswerten von Bewegungskoordi-

nation, Kraft und Schnelligkeitsfahigkeiten, die

schwierig wahrend einer Bewegungsaufgabe, die

durch eine Person auf einer Mehrzahl von Stand-

flachen ausgefuhrt wird, miteinander abzugleichen

sind, mit den Schritten:

Vorsehen einer Mehrzahl von Standflachen

(11,12) auf einer Kraftplatte (12,92), die eine

obere Oberflache hat, so dass die Standfla-

chen parallel zur oberen Oberflache und auf

unterschiedliche Hohen sind, wobei die obere

Oberflache einen Erfassungsbereich enthalt,

der die Krafte, die auf die Standflachen ausge-

ubt werden, misst und fur die gemessenen
Krafte charakteristische Ausgangssignale

ubertragt;

Ubertragen von fur die gemessenen Krafte

charakteristischen Ausgangssignalen;

Plazieren einer Person in einer Anfangspositi-

on (31,34,61,101,151), so dass ein oder meh-

rere Korperteile der Person in Kontakt mit min-

destens einer der Standflachen ist;

Anweisen der Person einen Bewegungsablauf

auszufiihren, in dem Korperteile in Kontakt mit

den Standflachen entsprechend des Ablaufs

gehoben werden und dann an anderen Stellen

(32,33,35,36,62,63,1 02,1 03, 1 04,1 05,1 52) auf

eine der Standflachen platziert werden;

Empfangen der Ausgangssignale von der

Kraftplatte (12,92) auf einer kontinuierlichen

Basis wahrend Ausfuhrung des Ablaufs;

Verarbeiten der Ausgangssignale auf einer

kontinuierlichen Basis, um GroBen bezogen
auf die Krafte, die durch die Korperteile der Per-

son in Kontakt mit den Standflachen ausgeubt

werden, zu bestimmen; und

Anzeigen der GroBen bezogen auf die Krafte,

die durch die Korperteile der Person in Kontakt

mit den Standflachen ausgeubt werden.
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Revendications

1. Appareil d'evaluation et d'apprentissage par re-

troaction biologique de la coordination des mouve-

ments, de la force, de la vitesse et des capacites 5

essentielles pour Tequilibre pendant une tache de

mobilite effectuee par un sujet sur une combinaison

des surfaces, I'appareil comprenant

:

une plaque de force (12, 92) presentant une io

surface superieure comprenant une zone de

detection, pour mesurer les forces exercees

sur la zone de detection et transmettre des si-

gnaux de sortie representatifs des forces

mesurees ;
i5

une pluralite de surfaces de support (11, 12)

montees dans des positions specifiees par rap-

port a la zone de detection et de telle sorte que
sensiblement toutes les forces exercees par le

sujet sur les surfaces de support sont transmi- 20

ses a la zone de detection
;

des moyens de calcul (1 4) pour accepter les si-

gnaux de sortie provenant de la plaque de force

(12, 92) et calculer des valeurs liees aux posi-

tions et aux grandeurs des forces exercees par 25

le sujet sur les surfaces de support ; et

des moyens de visualisation (15) pour visuali-

ser la position et des valeurs de grandeur cal-

culees par le moyen de calcul (14) et pour vi-

sualiser des valeurs supplementaires liees aux 30

objectifs de performance (51, 81, 121, 171,

191, 211, 212);

caracterise en ce que les surfaces de sup-

port sont a des hauteurs differentes et se situent 35

dans des plans paralleles qui sont paralleles a la

surface superieure.

2. Appareil selon la revendication 1 , selon lequel les

surfaces de support presentent des marquages 40

(24, 25, 42, 72, 94, 95, 96, 97, 112, 144, 145, 162)

indiquant des positions preferees dans lesquelles

le sujet devrait placer une partie de son corps.

3. Appareil selon la revendication 1 ou la revendica- 45

tion 2, selon lequel les surfaces de support com-
prennent une serie de surfaces non chevauchantes

(95, 96, 97) de type escaliers, a des distances pro-

gressivement superieures au-dessus de la surface

de la plaque de force (1 2, 92). 50

4. Precede pour evaluer la coordination des mouve-
ments, la force et la vitesse et des capacites essen-

tielles pour I'equilibre pendant une tache de depla-

cement effectuee par un sujet sur une pluralite de 55

surfaces de support, ce precede comprenant les

etapes consistant a :

fournir une pluralite de surfaces de support (1 1

,

1 2) sur une plaque de force (12, 92) presentant

une surface superieure de telle sorte que les

surfaces de support sont paralleles a la surface

superieure et a des hauteurs differentes, ladite

surface superieure comprenant une zone de

detection qui mesure les forces exercees sur

les surfaces de support et transmet des si-

gnaux de sortie representatifs des forces

mesurees
;

transmettre des signaux de sortie representa-

tifs des forces mesurees
;

placer un sujet dans une position initiale (31,

34, 61 , 101, 151) avec une ou plusieurs parties

du corps du sujet en contact avec au moins une

des surfaces de support

;

ordonner au sujet de suivre un protocole de

mouvements selon lequel les parties du corps

en contact avec les surfaces de support sont

soulevees en fonction du protocole et ensuite

placees dans d'autres emplacements (32, 33,

35, 36, 62, 63, 1 02, 1 03, 1 04, 1 05, 1 52) sur une

des surfaces de support

;

accepter les signaux de sortie provenant de la

plaque de force (12, 92) en continu pendant

I'execution du protocole
;

traiter les signaux de sortie en continu pour de-

terminer les valeurs concernant les forces exer-

cees par les parties du corps du sujet en con-

tact avec les surfaces de support ; et

visualiser les valeurs liees aux forces exercees

par les parties du corps du sujet en contact

avec les surfaces de support.
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